C57BL mice and certain of their hybrids have a high incidence of radiation induced leukaemia. The incidence is greater than 70 % in (C57BL x CBA.T6T6)F1
Cytogenetic techniques have evolved during the progress of the experiment from the original Feulgen squash method of Ford and Hamerton (1956) through modifications of the hypotonic, fixative, air drying sequence making use of different stains but latterly using lacto-acetic-orcein (Barnes and Ilbery, 1968) . The quality of the preparations has not deteriorated with the advantages accruing from acceleration of the technical processing. The direct method of chromosome preparation entailing the intra-peritoneal injection of Colcemid (7.5 ,ug./kg.) and sampling of tissues Ij hours later has been used throughout the experiments. In scoring aberrations of chromosome number or form in mouse leukaemia it has been our practice (Ilbery et al., 1963) to recognise a clone when more than 5 % of the cells examined carried a novel chromosome complement. Also arbitrarily it is considered that a class with an altered chromosome number is present if it is hyperdiploid and constitutes more than 5 % of cells. If the class has less than 40 chromosomes then 10% is our requirement for its establishment since spurious counts of less than 40 may arise by artefact in processing and subsequent spreading. It is realised that changes in form are likely to have been underestimated since the uniformly acrocentric nature of mouse chromosomes makes distinction of small changes quite impossible. Metacentric chromosomes and chromosome/ chromatid gaps however are very easily distinguishable but unfortunately uncommon in the laboratory's experience in the material to be described. The majority of marker chromosomes enabling the recognition of clones are those translocations and deletions yielding chromosomes larger or smaller than the largest and smallest normal acrocentric mouse chromosomes by a clearly observable amount. In relating changes in length the following symbols from the classification of Ford, Hamerton and Mole (1958) 
.DBA.. Siii; lii; and siii, lii clones ( Fig. 1) were seen in the thymus and the siii, lii clone was seeded in the neighbouring mediastinal and peripheral lymph nodes macroscopically involved, where the clone was seen to be predominant (Table II) . (C'57BL x CBA.T6T6)F1 mice had been exposed to a lethal dose of 1050 rads gamma Ahole body radiation but with a single lymph node excluded and then given 6 X 1(6 cells of (C57BL x CBA/H)F1 bone marrow by the intravenous route. Thie majority of the cells counted therefore represent an actively dividing colonising population of normal cells derived from bone marrow (T6 ) and a lesser number presumably derived from lymph node (T6+).
Sixteen thymomas were observed cytogenetically. Only 1 (6 , Table IV ) did not show the presence of a novel clone as defined but a single hyperdiploid cell was seen in 34 thymus cells counted. An hyperdiploid 41 class was present in other tissues. The variation of the thymoma material about the " normal " distribution is shown in Fig. 4 . The distribution of chromosome counts in the aggregated tissues of the propositi (Fig. 5) closely mirrors the thymoma distribution. However, the variation in the chromosome count range of 70-84 was not seen in this thymoma sample. Fig. 5 illustrates the marked increase in cytogenetic variation in aggregated tissues of passage mice both in the hyperdiploid direction and in the extent of the near tetraploid variation.
The cytogenetic details of the 17 passage mouse leukaemias of radiation aetiology are given in Table V . The primary thymic tumours had been passaged intraperitoneally. Usually evidence of successful neoplastic passage in the injected mice was to be found in enlargement of the liver, spleen and lymph nodes. Subsequent passages were made by homogenisation of spleen and further intraperitoneal t,ransfer, except for the ascites and solid form of 107. These were passaged as ascites intraperitoneally and by homogenisation of the solid tumour and subcutaneous injection respectively. Examination of pooled tissues showed that 5 passage leukaemias appeared to be hypodiploid, while 3 were diploid and 9 hyperdiploid. Mouse 81 had a very definite 39 stem cell line in passage 4 but either a dilution effect or selection changed the stem cell line in later passages. Selection is well seen in 107. At the second intraperitoneal spleen passage an ascitic form appeared with a modal number of 42. A distinctive chromosome with an isochromatid gap was present (Fig. 3) Distribution of chromosome counts: -; normal tissues of mice in a radiation transplantation experiment (Table VI ). xx; thymomas of the propositi from the data given in Table IV (Table V) . another such event in the same cell may then yield a cell containing 40 chromosomes but with trisomy for one chromosome pair which would pass entirely unnoticed. It would be possible to detect these hidden changes in a marsupial with a dozen distinctive chromosomes or in the hamster. Yet the established yield of leukaemia in the mouse from a given radiation schedule, the mouse's inbred strains and its built-in chromosome marker in the CBA.T6T6 line favour its continued use for the present. Within these confines the outstanding impression gained from this mouse leukaemia material obtained by direct examination of tissues is the extent of the aberrations of chromosome number and form readily visible. There is a contrasting almost complete lack of variability in the cytogenetic data accumulated in this laboratory from direct examination of normal humans, sheep, goat, oxen, marsupials and rats as well as mice. Table VI scores cells from thymus, lymph node, bone marrow and spleen for the presence of the T6 marker in a recent mouse radiation chimaera experiment in which rapid proliferation of normal tissues occurs. It can be seen that less than 1 % of cells are recorded with either more or less than the standard chromosome set of 40. Chromosome/chromatid breaks are occasionally seen in short-term cultures and a clone was seen to arise in a long-term fibroblast culture (Ilbery, Alexander and Williams, 1967) ----- Whether these chromosome aberrations are epiphenomena depends inter alia on when the cell is judged to be neoplastic. The amount of variation taking place has been estimated in the induction period following killing of cells by radiation. At that time an increased rate of cell replacement might be expected in an altered immunological environment. Between 113 and 183 days following a leukaemogenic schedule of irradiation and before the thymus was more than 70 mg. in weight and clinically enlarged, novel clones were shown to be present in the thymus in 12 out of 19 mice (Ilbery et al., 1963) . Certainly the cells present in these thymuses might be considered preleukaemic as they failed to transplant. The variation within the cells of the thymus was not matched by variation in the other tissues examined lymph gland, bone marrow and spleen.
All mice exposed to a leukaemogenic schedule of radiation had thymomas whether or not peripheral lymphoid tissue, liver or spleen were involved. In all but 1 of the 16 primary thymomas examined cytogenetically (Table IV) there was extensive evidence of variation from the normal mode. In this one instance 1 out of 34 cells in the thymus contained 41 chromosomes, the 41 class being abundant in lymph node, bone marrow and spleen. With this possible exception, inspection of the aberrations of chromosome number and form within the thymus and the distribution of distinctive clones and classes within the pooled tissues are consistent with an origin of the radiation induced neoplasm within the thymus. Such an origin is supported by accumulated macroscopic and histological evidence. Specifically cytogenetic analysis of Mouse 15 (Table III) suggests an origin of an lii clone in the thymus with seeding in lymph node, bone marrow and spleen.
Again the metacentric chromosome seen in all thymic cells of Mouse 23 was present as a clone within the spleen. The theme of a thymic origin of the neoplastic cell is expanded in the second part of the paper.
Loss of the T6 marker chromosome (Mouse 14, Ilbery and Winn (1964) had previously reported a spontaneous mouse leukaemia with a mode of 39 chromosomes. Growth studies from single cell cloning could elucidate the problem of pseudo malignancy of possible passenger cells or confirm the presence of hypodiploid lines.
SUMMARY
There are limitations imposed by the morphology of mouse chromosomes in the assessment of variability in radiation induced leukaemia. Within these confines, chromosome analysis of 43 primary and transplanted radiation induced leukaemias showed 36 with well marked evidence of variation from the normal in chromosome number or form. In the main the variation was within the immediate hyperdiploid range 41-48 but minor modes were seen also about 50 and 70 as well as a leukaemia with a definite hypodiploid stem cell line. The question of variation of other leukaemia lines in the hypodiploid direction is discussed. Inspection of the aberrations of chromosome number and form within the thymus and the distribution of distinctive clones and classes within the pooled tissues is consistent with the naked eye appearance of an origin of the radiation induced neoplasm within the thymus. 
